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BENZYL  ALLYL  STARCH  AND  OTHER  MIXED 
ALLYL  STARCH  ETHERS 


by  E.  A.  Talley,   J.   H.  Schwartz, 
A.   S.  Hunter,  and  C.  A.  Brown 


Introduct  ion 

Allyl  ether  of  starch1"4,   which  contains  approximately  1.8  to  1.9  allyl 

1  P.   11.   Nichols.   Jr..    R.  M.   Hamilton.   Lee  T.    Smith,    and  E.  Yanovsky,    Allyl  Ether  of 
Starch.      Preparation    and    Industrial   Possibilities,    Ind.   Eng.    Chen,,   37,  201-2 

(  19  45)  . 
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E.    A.    Talley,    R.   M.    Hamilton,    J.   H.    Schwartz,    C.    A.    Brown,    and  E.   Yanovsky,  Prepa- 
ration of  Allyl   Starch.   IS.    S.    Dept.    Agr.  ,   Bur.    Agr.    and  Ind.    Chem.      AIC-1U0,  (East, 
ern  Regional  Research  Laboratory)   5  pp.,    Feb.    1947.  (Processed.) 
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J.    Chadapaux.   G.    Champetier.    and  E.    S  a  vo  s  t  ;  an  o  f  f  .   L  '  allyl  am  i  don  ,   Bull  Soc.  Chin .  , 
19V8,  185-90. 

4  T.    J.    Dietz.   J.    E.   Hansen,    and  M.    E.    Gallagher,   Properties  of  Allyl   Starch  Coat, 
ings,    U .    S.    Dept.    Agr.,    Bur.    Agr.    and    Ind.    Chem..    A I C- 17  5 ,  (Eastern  Regional 
Research  Laboratory)   8  pp.,    Feb.    1948.  (Processed.) 

groups  per  glucose  unit,  has  some  outstanding  properties  as  a  coating  mater- 
ial. Films  made  from  solutions  of  this  material  dry  tack- free  in  minutes. 
After  a  few  weeks,  the  films  become  insoluble  in  all  solvents;  by  the 
applicaticn  of  heat  or  by  the  addition  of  a  paint  drier,  such  as  cobalt 
naphthenate  or  octoate,  this  insolubilization  process  may  be  greatly  accel- 
erated. 

Because  of  their  high  resistance  to  organic  solvents,  allyl  starch  films  are 
satisfactory  for  many  uses.  However,  there  may  be  some  applications  for 
which  it  is  desirable  to  improve  the  resistance  of  the  films  to  water  or 
dilute  aqueous  solutions,   such  as  dilute  sodium  hydroxide  or  dilute  ethanol. 

Improving  the  resistance  of  allyl  starch  to  aqueous  solutions  is  important, 
now  that   it  has  become  commercially  available  .     This  problem  may  be 
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Anonymous.    Allyl   Starch:     New  Product  Data  Sheet,    Revision   D,    General  Mills,  Inc.. 
11   pp  .  .    Feb.    1949 . 

attacked  in  at  least  three  ways:  The  allyl  starch  may  be  mixed  with  seme 
suitable  hydrophobic  material,  it  may  be  mixed  with  polymerizable  materials 
which  may  or  may  not  copolymerize  with  the  allyl  starch,  or  it  may  be  allow- 
ed to  react  with  compounds  which  will  cover  the  remaining  free  hydroxyl 
groups-     The  last  method  is  discussed  in  this  article.6.      Several  mixed 

The  f:rst  two  methods  are   being   investigated   in   this  laboratory. 

ethers  of  allyl  starch  were  prepared,  and  films  made  from  them  were  tested 
for  resistance  to  various  reagents.  The  most  intensive  study  was  made  on 
benzyl  allyl  starch. 
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Preparation  and  Testing  of  Films 

The  mixed  ethers  were  dissolved  in  a  solvent,  usually  toluene.  In  some 
cases,  when  turbid  solutions  resulted,  clarification  was  effected  by  adding 
a  small  amount  of  a  polar  solvent.  Polar  solvents  were  added  sometimes  to 
decrease  the  viscosity  of  the  solution  or  to  give  a  smoother  film.  Most  of 
the  solutions  had  a  solids  content  of  40-45  percent  and  a  viscosity  of 
approximately  1  to  2  stokes.  All  solutions ' used  for  testing  were  clear  and 
water- free.  Films  were  poured  on  glass  plates,  and  when  tack- free  were 
heated  for  various  periods  of  time  in  a  forced-draft  oven  at  100  or  150  C. 
The  cure  was  determined  by  the  following  three  tests7.     The  spot  test  is 

7   The   cure   as  determined   by   these  methods   is  not  necessarily   the  optimum   for  practical 

PU  RP  0  SE  S . 

made  by  placing  a  drop  of  malachite  green  (0.06  percent  solution  in  50/50 
acetone-acetic  acid)  on  the  film  and  allowing  it  to  dry.  If  the  spot  washes 
off  in  running  water,  a  cure  is  indicated.  In  the  flat-knife  test,  an 
attempt  is  made  to  lift  a  portion  of  film  by  running  the  edge  of  a  sharp 
knife  or  razor  blade  between  the  film  and  the  glass.  The  edge  knife  test 
is  made  by  drawing  the  edge  of  the  knife  across  the  film  in  the  direction 
of  the  length  of  the  blade,  with  the  blade  almost,  perpendicular  to  the  film. 
In  either  test,  if  the  film  flakes  off  it  is  cured;  if  it  comes  off  in 
curled  strips  it  is  not  cured.  After  the  time  for  curing  was  determined, 
test  tubes  were  dipped  in  the  solutions  of  the  mixed  ethers.  .About  4  inches 
of  each  tube  was  coated  by  means  of  a  dip-coater  having  a  withdrawal  rate  of 
2  inches  per  minute.  The  films  were  then  cured  in  the.  forced-draft  oven  for 
the  proper  time. 

The  coated  tubes  were  suspended  in  the  testing  reagents  in  such  a  way  that 
approximately  half  the  film  was  immersed  in  the  liquid.  The  condition  of 
the  films  was  noted  at  intervals. 

Table  I  shows  the  results  of  some  tests  on  allyl  starch  itself,  which  are 
included  for  comparison  with  tests  on  the  mixed  ethers.  Unless  otherwise 
indicated,  the  time  listed  in  the  table  is  the  time  at  which  the  film  fail- 
ed. Zero  time  indicates  that  the  film  failed  in  less  than  3  minutes.  A 
range  (maximum  and  minimum  time  of  failure)  is  given  in  cases  in  which  the 
test  results  were  too  indefinite  or  the  number  of  observations  too  few  to 
show  a  more  definite  time  of  failure.  The  films  were  considered  to  have 
failed  if  they  were  broken  at  any  point  or  if  a  large  area  became  swollen, 
wrinkled,  or  blistered.  The  symbol  "g"  indicates  that  there  was  no  sign  of 
attack  on  the  film  at  the  time  listed.  The  symbol  "w"  means  that  the  film 
was  wrinkled  or  blistered  to  a  small  extent  but  recovered  after  being 
removed  from  the  reagent,  that  is,  the  film  became  smooth  again  and  still 
adhered  to  the  glass.  Films  which  were  wrinkled  or  blistered  to  a  small 
extent  but  which  did  not  recover  fairly  well  are  listed  as  having  failed. 

This  method  of  recording  results  was  used  also  in  Tables  II  to  VI.  Batches 
listed  on  more  than  one  table  are  given  the  same  number  in  each  case. 
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Discussion  of  Results 

Effects  of  Substituent  Groups.  Table  II  lists  batches  of  benzyl  allyl 
starch  of  various  degrees  of  substitution.  Although  the  results  are  not 
always  clear-cut,  in  general  these  films  showed  greater  resistance  to 
aqueous  reagents  than  films  of  allyl  starch  (Table  I),  especially  when  cured 
at  150  C.  and  when  highly  substituted.  The  tendency  of  films  of  allyl 
starch  and  allyl  starch  mixed  ethers  to  have  greater  resistance  when  cured 
at  150    than  at  ICC    C,  was  more  pronounced  in  benzyl  allyl  starch. 

The  other  mixed  ethers  of  allyl  starch  (Table  III)  did  not  show  any  definite 
improvement  over  allyl  starch. 

The  curing  time  for  most  of  the  mixed  ethers  was  about  the  same  as  for  allyl 
starch.  However,  the  chlorobenzyl  allyl  starches  and  a  few  batches  of 
benzyl  allyl  starch  required  two  to  four  times  as  long. 

Effects  of  Other  Variables.  Table  I  indicates  that  it  wes  difficult  to  get 
reproducible  results  on  different  batches  of  allyl  starch,  The  same  diffi- 
culty occurred  with  the  mixed  ethers  of  allyl  starch.  Several  factors  may 
be  responsible  for  variations  in  the  test  results,  namely,  differences  in 
substitution,  molecular  weight,  and  molecular  weight  distribution.  Also 
some  variable  in  the  testing  conditions  might  be  a  factor,  It  was  noted 
that  a  great  many  film  failures  occurred  in  curved  portion  at  the  bottom  of 
the  test  tube,  Either  mechanical  defects  are  more  prevalent  in  this  section 
or  the  film  has  a  different  thickness  because  of  improper  drainage  of  the 
solution  and  is  therefore  cured  to  a  different  degree,  For  this  reason,  a 
study  was  made  on  allyl  starch  in  which  some  of  the  films  were  protected  by 
a  cap  of  paraffin  on  the  bottom  and  a  narrow  bend  of  paraffin  around  the 
upper  edge.  The  cylindrical  portion  of  the  film  was  left  exposed.  Of  the 
it  comparative  tests  made  (Table  IV),  the  protected  film  in  56  had  mere 
resistance;  in  7  it  had  less;  in  4  eases  there  was  no  appreciable  differ- 
ence; end  in  19  the  results  were  indeterminate.  The  tests  show,  therefore, 
that  the  upper  edge  and  the  curved  surface  of  film  were  more  susceptible  to 
attack,  On  the  ether  hand,  it  should  not  be  concluded  that  the  films  are 
necessarily  peer  on  curved  surfaces,  It  is  believed  that  properly  plasti- 
eized  films  applied  by  brushing  or  spraying  would  be  more  uniform  and  not 
shew  this  defect. 

To  ascertain  the  effects  of  plast icizers,  benzyl  allyl  starch  films  plaiti- 
eized  with  Paraplex  RG7?  Duraplex  NB758,  and  Arochlor  1E429  were  tested 
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Ruinous  Products  a  Chemical  Corporation,  Ph  i  l  adelph  i  a  ,  Pennsylvania 
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Monsanto  Chemical  Company,  St,  Louis,  Mo. 
for  resistance  ,0.     Table  V  shows1 1  the  results.     Films  plasticized  with 
to  _ 

The  MENTION  OF  COMMERCIAL  PR0DUCT9  does  not  imply  that  they  are  inborsid  or  recommended 
!>y  the  Department  of  Agriculture  over  others  of  a  similar  nature  not  mentioned. 

n  The  authors  are  inbesteb  to  A,  N.  WriqliV  ano.  o,  Sicimano  for  these  data. 
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Duraplex  ND75  showed  considerable  improvement  in  resistance  to  most  of  the 
reagents;  an  adverse  effect  was  noted  with  phenol  and  sodium  hydroxide.  The 
other  plasticizers,  however,  gave  almost  as  many  cases  of  decreased  resist- 
ance as  of  improved  resistance.  Duraplex  also  imparted  greater  hardness  and 
elongation  to  the  films  than  did  the  other  plasticizers. 

Another  study  was  made  of  the  effect  of  the  degree  of  cure  on  the  resistance 
of  films  to  solvents  (Table  VI).  At  least  in  the  case  of  allyl  starch,  more 
highly  cured  (or  overcured)  films  had  greater  resistance  to  acetone,  dilute 
phenol,  and  dilute  ethanol  than  films  just  cured  or  somewhat  undercured,  as 
determined  by  our  tests.  On  the  other  hand,  in  most  cases  too  great  an 
overcure  lessened  the  resistance  of  films  to  dilute  ammonia.  One  batch  of 
allyl  starch  (No.  52)  and  the  benzyl  allyl  starch  (Batch  No.  46)  showed 
more  resistance  to  dilute  alkali  when  undercured.  However,  the  cured  films 
of  the  other  allyl  starch  batch  tested  (No.  51)  were  more  resistant  to 
alkali. 

In  light  of  the  above  discussion,  it  should  be  borne  in  mind  that  the  tests 
are  intended  to  give  only  a  comparison  of  the  various  ethers  when  films  are 
prepared  and  cured  under  a  particular  set  of  conditions.  They  do  not  indi- 
cate the  solvent  resistance  that  may  be  achieved  by  special  compounding  or 
by  altering  the  conditions  of  cure.  In  some  cases  overcuring  improves 
solvent  resistance.     In  others,  undercuring  might  result  in  improvement. 

Preparation  of  Mixed  Ethers  of  Allyl  Starch 

Preparation  of  certain  mixed  ethers  of  allyl  starch  has  been  reported12. 
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R.  M.  Hamilton  and  E.  Yanovsky,  Mixed  Allyl  Ethers  of  Starch.  Ind.  Eng.  Chen.,  38,  864.6 
(1946);  U.   s.   Patent  N0.    2,46  3.869,  March  8,  1949. 

Besides  testing  the  products,  one  purpose  in  continuing  this  work  was  to  use 
or  develop  methods  of  preparation  which  would  be  more  economical. 

The  method  of  preparing  benzyl  allyl  starch  was  similar  to  that  used  for 
allyl  starch2.  When  allyl  chloride  was  used,  the  reaction  was  carried  out 
in  an  autoclave.  Nine-tenths  mole  of  benzyl  chloride  and  either  three  or 
four  moles  of  allyl  chloride  per  mole  (anhydroglucose  equivalent)  of  starch 
were  used.  With  allyl  bromide,  the  ether  was  prepared  in  a  flask.  Four 
moles  of  allyl  bromide  was  used  per  mole  of  starch.  In  all  cases,  the 
amount  of  sodium  hydroxide  used  was  equivalent  to  95  percent  of  the  total 
amount  of  halide  present.  The  sodium  hydroxide  was  added  as  a  solid,  as  a 
50  percent  solution,  or  as  a  combination  of  both.  Acetone  was  used  as  a 
solvent  in  the  autoclave  batches;  toluene  or  methyl  ethyl  ketone  was  used 
for  the  others.  In  some  of  the  autoclave  batches,  sodium  iodide,  (2  percent 
on  the  weight  of  dry  starch)  was  used  as  a  catalyst.  Either  the  allyl 
chloride  and  benzyl  chloride  were  added  together,  or  one  was  added  after  the 
reaction  mixture  had  been  heated  for  some  time.  In  general,  the  starch  was 
slurried  in  one  or  both  halides,  and  then  cooled  50  percent  sodium  hydroxide 
solution  was  added,  and  the  mixture  was  stirred  for  half  an  hour,  with  cool- 
ing. The  remaining  reagents,  including  any  solid  sodium  hydroxide,  were 
then  added,  and  the  mixture  was  heated  to  the  reaction  temperature.  After 
the  reaction  had  taken  place,  the  product  was  solubilized  by  heating  it  with 
ac  id. 


A  typical  "batch  (No.  14)  was  prepared  as  follows:  932  grams  of  air-dry 
potato  starch  (13  percent  moisture)  was  placed  in  a  2-gallon  glass-lined 
autoclave  and  slurried  with  114:8  grams  of  allyl  chloride.  Fifty-percent 
sodium  hydroxide  solution  (1380  grams)  and  18  grams  of  sodium  iodide  were 
then  added,  and  the  mixture  was  stirred  for  half  an  hour,  with  cooling. 
After  this,  51  grams  of  solid  sodium  hydroxide  and  4  liters  of  acetone  were 
added,  and  the  mixture  was  heated  for  3-1/4  hours  at  BO  C.  Next  570  grams 
of  benzyl  chloride  was  added,  and  heating  was  continued  for  7-1/2  hours. 
The  batch  was  then  acidified  with  60  ml.   of  concentrated  hydrochloric  acid 

,  .  o 

(to  pH  2)   and  heated  at  90    C.   until  it  had  gone  into  solution. 

Some  lachrymatory  substance  (possibly  benzyl  bromide)  was  noted  in  benzyl 
allyl  starch  prepared  with  allyl  bromide.  This  was  not  present  when  allyl 
chloride  was  used. 

Table  VII  lists  the  batches  of  benzyl  allyl  starch  made  by' the  general 
procedure  described  above.  In  the  flask  batches,  632  grams  of  air-dry 
potato  starch  (13  percent  moisture)  and  4  moles  of  allyl  bromide  per  mole 
of  starch  were  used.  In  the  autoclave  batches,  932  grams  of  starch  was 
used.  The  second  column  of  the  table  lists  the  amount  of  sodium  hydroxide 
added  as  a  solid;  the  remainder  of  the  sodium  hydroxide  was  added  as  a  50- 
percent  solution.  In  batches  1  to  3,  1250'  ml.  of  toluene  was  used  as 
solvent;  in  batches  4  and  5,  1250  ml.  of  methyl  ethyl  ketone  was  used,  and 
in  batches  6  and  7  a  mixture  of  1000  ml.  toluene  wiith  500  ml.  benzene.  The 
other  batches  were  made  with  4  liters  of  acetone.  Sodium  iodide  was  used  in 
batches  14  zo  23. 

Analyses  of  batches  £  to  12  indicate  that  reducing  the  amount  of  water  in  a 
batch  causes  an  increase  in  allyl  content.  It  is  also  apparent  from  Table 
VII  that  the  smaller  proportion  of  allyl  chloride  produces  a  slightly 
smaller  total  substitution  in  spite  of  the  use  of  sodium  iodide  as  a  cata- 
lyst. The  preliminary  samples  taken  show  that  in  many  cases  the  reaction 
was  almost  complete  in  about  half  the  reaction  time. 

There  were  also  a  few  batches  in  which  special  methods  were  used  to  achieve 
a  high  substitution.  Usually  in  these  cases  benzyl  allyl  starch  of  ordinary 
substitution  was  first  isolated,  then  further  allylated  or  further  benzyl  - 
ated.  Allyl  bromide  and  sodium  hydroxide  were  added  in  portions,  the  latter 
mostly  as  solid.  Batch  47  (Table  II)  was  produced  in  this  manner  by  further 
allylation.  Batch  45  was  prepared  by  further  allylating  batch  10;  batch  46. 
was  prepared  by  further  benzylating  batch  10.  In  one  batch  (not  tested 
because  of  insufficient  material)  a  substitution  of  0.22  benzyl  and  2.29 
allyl  groups  per  anhydrogluc ose  unit  was  obtained  by  first  preparing  benzyl 
starch  and  then  allylating  in  the  manner  described  above. 


Even  these  special  methods  did.  not  produce  complete  substitution.  However, 
this  was  not  unexpected,   considering  the  well-known  difficulty  of  completely 
etherifying  statch. 13 
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W.    N.    Haworth,    E.    L.    Hirst,    »nd   J.    I.    Webb,    "Polysaccharides.      Part  II. 
The   Acetylation   and  Methylation   of   Starch,    J ,   Chen.   Soc,    1928,    2681-  90. 

On  the  basis  of.  the  process  used  here,  a  materials  cost  of  32  cents  per 
pound  was  estimated  for  benzyl  allyl  starch,  as  compared  with  a  materials 
cost  of  25  cents  per  pound  for  allyl  starch. 

The  other  mixed  ethers  of  allyl  starch  (Table  VIII )  were  prepared  by  methods 
similar  to  those. used  in  making  benzyl  allyl  starch.  In  general,  the  starch 
was  mixed  with  a  solvent,  sodium  hydroxide  (as  a  50-percent  solution  or  a 
combination  of  solid  and  solution),  and  1  to  2  moles  of  alkyl  halide  per 
mole  (anhydroglucose  equivalent)  of  starch.  After  the  mixture  was  heated 
for  a  few  hours,  4  moles  of  allyl  bromide  were  added,  and  the  reaction  was 
continued.  Allyl  chloride  was  used  in  the  autoclave  batches  (Nos.  27  to  31 
and  39)  -  3  moles  in  batches  27,  30,  and  31,  and  4  moles  in  batches  28  and 
29;  batches  32  and  34  used  13  moles  of  allyl  bromide,  and  batch  33  used  20 
moles.  In  batches  27,  30,  and  31,  the  ethyl  chloride  was  not  added  until  a 
few  hours  after  allylat  ion  was  started.  Sodium  iodide  was  used  as  a  catalyst 
in  several  batches  (Table  VIII) .  In  batch  37,  an  amount  of  sodium  iodide 
equivalent  to  the  butyl  chloride  was  used.  The  butyl  chloride  and  sodium 
iodide  were  heated  together-  in  methyl  ethyl  ketone  for  8  hours  before  the 
starch  and  alkali  were  added. 

Of  the  organic  chlorides  used,  the  benzyl  and  o  -  and  t>  -  chlorobenzyl 
chlorides  were  the  most  reactive,  having  a  reactivity  comparable  to  that  of 
allyl  chloride.  The  alkyl  chlorides,  especially  the  butyl  and  amyl  chlor- 
ides,  were  considerably  less  reactive. 

Yields  of  benzyl  allyl  starch  and  ethyl  allyl  starch  were  generally  close  to 
100  percent  of  theoretical.  The  chlorobenzyl  allyl  starch  derivatives  were 
obtained  in  90  percent  yield.  Yields  of  butyl  allyl  starch  ranged  from  poor 
to  very  good.     Yields  of  amyl  allyl  starch  averaged  about  54-  percent. 

The  allyl  starch  mixed  ethers  differed  s.omewhat  in  solubility  from  allyl 
st,arch  itself.  They  wrere  usually  completely  soluble  in  both  acetone  and 
toluene.  They  were  also  more  intolerant  to  water  in  the  solvent  than  was 
allyl  starch.  A  small  amount  of  water  kept  the  allyl  starch  derivative  from 
dissolving  in  acetone  or  caused  the  formation  of  a  two-phase  solution. 

The  number  of  allyl  and  hydroxyl  groups  per  glucose  unit  was  found  by  direct 
determination;    the  degree  of  substitution  of  the  other  substituent  was 
obtained  by  difference.     The  analytical  samples  were , prepared  as  described 
by  Hamilton  and  Yanovsky12.      Unsaturation  was   determined  by  the  Wijs 
method12.      The  method  of  hydroxyl  determination  was   essentially  that  of 
Malm,    C-enung,   and  Williams14,    except  that  acetone   instead  of  water  was 
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used  as  a  solvent  and  washing. agent.  This  prevented  the  precipitation  of 
the  acetylated  sample  in  coarse  lumps. 

Summary  and  Conclusions 

Various  mixed  ethers  of  allyl  starch  were  prepared,  namely,  ethyl,  butyl, 
amyl,  benzyl,  o  -  chlo ro benzyl ,  and  i>  -  chlorobenzyl  allyl  starch.  Films 
made  from  these  compounds  were  compared  with  allyl  starch  films  for  resist 
ance  to  1C  percent  ammonia,  5  percent  sodium  hydroxide,  5  percent  phenol, 
50  percent  ethanol,  4  percent  acetic  acid,  and  undiluted  acetone.  A  few 
tests  were  made  also  with  1  percent  soap  solution  and  boiling  distilled 
water. 

Benzyl  and  chlorobenzyl  allyl  starch  were  easier  to  prepare  than  the  other 
allyl  starch  mixed  ethers  because  of  the  greater  reactivity  of  the  benzyl 
and  chlorobenzyl  chlorides,  which  compare  in  reactivity  with  allyl  chloride. 
The  purely  aliphatic  chlorides  were  much  less  reactive  under  the  conditions 
used. 

o 

Benzyl  allyl  starch  when  gyred  at  15C  C.  showed  marked  improvement  over 
allyl  starch  in  resistance  to  aqueous  solvents.  This  refers  not  only  to  the 
highly  substituted  benzyl  allyl  starch  made  by  the  special  methods  described 
but  also  to  that  of  ordinary  substitution  made  by  more  practicable  methods. 
The  other  mixed  ethers  showed  no  definite  improvement  over  allyl  starch. 
Benzyl  allyl  starch,  then,  because  of  ease  of  preparation  and  the  solvent 
resistance  of  its  films,  gives  most  promise  of  being  a  compound  suitable 
for  further  development. 

These  conclusions  are  based  on  unmodified  films  tested  under  a  particular 
set  of  conditions.  Better  results  might  be  obtained  with  properly  plasti- 
cized  films  applied  and  cured  under  the  optimum  conditions  for  the  use  to 
which  they  ere  intended. 
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TABLE  IV 

Effect  of  Protecting  Allyl  Starch  Films  with  Paraffin 


Contact  Time  (hours)  Before  Failure^ 


Cu  ring 
Temp . 

(°  CO 


10%  Am- 
Curing  monium 


5%  Sodium 


Hou  rs 

100 

2 

0 

0 

3 

.  1 

100 

4.  5 

0 

.  1 

100 

4 .  5p 

.  2 

.  1 

iU  u 

D 

.  9 

100 

6p 

.  2 

!  5 

M  :  n  ^ 

I'M  II  O  » 

150 

10 

2 

150 

lOp 

/  ^g 

150 

50 

.3 

150 

50  p 

.  i 

150 

100' 

-3 

150 

100  p 

Hours 

100 

l 

8 .  5-0-8  i 

100 

1  r. 

IP 

0*0 — '  £ 

^g 

100 

2 

2.5,  l3 

8. 5-18 

i  100 

8.5-7  2 

26 . 5-42 

100 

5  ft 

23 

2.5-8.5 

100 

4p 

8.  5-42 

26. 5-42 

100 

6 

.  1 

.  7 

10  0 

6p 

4.  1 

6-^-21 

M  i  n  s . 

150 

10 

.  7 

4-19 

150 

10  p 

.  7g,   7  2w' 

55-7  2 

150 

100 

.3 

•  4-3 

150 

lOOp 

.  8-2.  8 

6.8 

j 

indicates  -b 

rotected  fi In 

Time         Hydroxide      Hydroxide  Phenol 

Batch  51 


50% 
Ethanol 


Acet  i  c 
Acid 


\%  Soap 
Acetone  Solution 


0.  2 

0.3 

7.  5- 

.  7 

3-  2 

72g 

.  2 

2 

.  4 

2-6 

2-6 

2 

9  .8-19 

9  .8 

9.  8 

3  3 

1.5 

2.  7 

2. 3-7  2 


72g 
72g 

72g 

72g 


Batch  52 


•  3 
.  o 

2. 5-8. 5 
2.5-8.5 


.8 

1.3 

1.7,  IV 2' 
2.  5 


5-18  2,3 
5-18  8.5-18 


8.5-7  2 

7  2w 

2.5-8.5 
2.  5 

2.5-8.5 
2 . 5-8 .  5 


.  z 
■  3 

2.5-8.5 


2-6 
50-58 

.  4 

4  2-6  8 

6  4-7  2 
52-58 


8.5-7  2 
18-72 

8.  5-7  2 
25-7  2 


26.5-42  '  8.5-42 
'26.5-42        8.5-  72 


2.8 
.  1 

.2;  8 
6 

.  8 

30-72  ■ 

46-51 
6-21 

1.8 
7  2w 

.  7 

1.6 

.  5 
3.8 

72w 
72g 

.  7 

1.8 

7  2w 
72* 

4-19 
8-7  2 

28-44 
72W 

72g 
72g 

72g 
7  2g 

72g 
7  2g 

g  indicates  that  the  film  had  not  been  attacked;  w  indicates  that  the  film  wrinklea  i 
reco vered. 

Film  afrfreared  unattached  at  72.  hours,   but  failed  on  removal  from  the  testing  reagent 


Film  became  slightly  yellow. 
Check  sample. 
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TABLE  VII 
Preparation  of  Benzyl  A 1 1 y 1  Starch 


Batch 
No. 


9 

10 
11 
ll5 
12 
12  3 


h  it 


11 
14l 
15' 


16' 

ie 

17f 
18< 


3  ,  5 


19' 


193'6 


20 


\6 


20 


216 
22  6 


P7  ' 


\3  ,  6 


Port  ion 


of  Sod  i  urn 
de  as  Sol  id 

Temp. 

Time 

Hydrochloric  Substitution 
Acid  Used  for       Groups  per  Glucose  Unit 
Breakdown        Benzyl.,   Allyl  Hydroxyl 

°C. 

Hours 

m  I . 

Flask 

Batches 

97. 

14 

85 

c.  ec 

1.75 

0.65 

53 

97 

PC 

35 

.38 

1.89 

.  73 

53 

97 

28 

ec 

.  31 

1.86 

.  83 

53 

fee 

6.5 

< 

,90 

19 

25 

.  35 

2.  03 

.  62 

n 

80 

1.  5 

< 

90 

23.5 

30 

.35 

1.  89 

.  76 

r. 

97 

33.  5 

50 

^5 

1.79 

r  r 
.  DC 

r. 

97 

32.3 

eo 

.56 

1.84 

.  60 

Autoclave  Batches 

ixf  i  4*  h  1 

HaUC    W  1  LI  1 

\  moles 

of  all yl 

chloride  per 

mole  of  starch 

Do 

[80 

3.8 

< 

[90 

22.  3 

50 

.47 

1.85 

.  68 

53 

90 

27.  8 

160 

..44 

1.87 

.  69 

12 

90 

25 

130 

.  57 

1.  69 

.  74 

12" 

90 

24.8 

200 

.56 

1.  68 

.76 

12 

90 

13.  5 

- 

.54 

1.  66 

.80d 

12 

90 

140 

..  54 

1.  67 

. 

12 

90 

5 

- 

.51 

1.  65 

OA  & 

Ma  dp  with  3 

mol  es 

of  allyl 

chloride  per 

mole  of  starch 

7 

90 

18 

es 

.49 

1.  60 

.91 

7 

90 

10.8 

.48 

1.58 

.  943 

7 

90 

10.8 

eo 

.50 

1.  70 

.80 

7 

90 

10.5 

eo 

.42 

1.  70 

.88 

1  Q 

90 

26,5 

100 

.45 

1.  74 

.  81 

1  o 

90 

11.  5 

.46 

1.  75 

.  79 

r 

90 

20.  5 

65 

.43 

1.  75 

.  83 

0 

90 

e 

111C 

14 
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.  45 

1.  74 

.  81 

0 

fee 

13.  3 

< 

[90 

11.  3 

70 

..  51 

1.  69 

.  80 

o 

80 

13.  3 

.46 

1.  69 

OR  3 

n 

/80 

« 

\9C 

13.5 

65 

.  44 

1. 70 

.86 

c 

''80 

\90 

7.  5 

.52 

1.  64 

.843 

0 

90 

23 

100 

.  38 

1.  75 

.67 

0 

• 
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TABLE  VII  -  continued 


1  Ally  l  bromide  added  after  U  hours. 

2  After  8-1/V  hours,  450  ml.  of  water  was  removed  by  entrainment .     This  process  took  11  nor 
hours.     Allyl  bromide  was  then  added  in  200-ml.  ■portions. 

^  Preliminary  sample  taken  at  the  time  indicated. 

^  Benzyl  chloride  added  after  3-11 H  hours. 

5  Benzyl  chloride  and  the  solid  sodium  hydroxide  added  after  1  hours. 

-  Benzyl  chloride  and  one-third  the  sodium  hydroxide  solution  added  after  6-1/ is  hours. 
?  Benzyl  chloride  added  after  6  hours. 


TABLE  VIII 
Mixed  Ethers  of  Allyl  Starch 


Substituent  (R)  Reagent 

Ethyl  Fthyl  sulfate 

Ithyl  Ethyl  sulfate 

Ethyl  Ethyl  sulfate 

Ethyl  Ethyl  chloride 

Ethyl  Ethyl  chloride 

Ethyl  Ethyl  chloride 

Ethyl  Ethyl  chloride 

Fthyl  Fthyl  chloride 

Butyl  Butyl  iodide 

Butyl  Butyl  iodide 

Butyl  Butyl  iodide 

Butyl  Butyl  iodide 

Butyl  Butyl  chloride 

Butyl  Butyl  chloride  +  sodium  iodide 

Butyl  Butyl  chloride 

Butyl  Butyl  chloride 

Amyl  n-^myl  chloride 

■Amyl  Fixed  amyl  chlorides 

Amyl  Mixed  amyl  chlorides 

o-Chlorobenzyl        o-Chlorobenzyl  chloride 

*-Chlorobenzyl        £-Chlorobenzyl  chloride 


Substitution 

Groups  per  Glucose  Unit 

R  Allyl  Hydroxy  1 

0.78  1.77  0.45 

.74  1.77  .49 

.76  1.73  .51 

.42  1.83  .75 

.36.  1.97  .67 

.  35  2. 10  . 55 

.32  1.92  .76 

.  41  1. 81  .  78 

.36  2.38  .24 

. 83  2 . G7  . 1C 

.  80  2. 05  .  15 

.42  2.36  .20 

.39  2.07  .54 

.70  1.95  .35 

.22  2.11  .67 

.26  1.99  .73 

.20  2.24  .36 

.42  2.31  .27 

.  23  2. 18  . 59 

.54  1.79  .63 

.58  1.77  .69 


Sodium  iodide  used  as  catalyst. 


